Triple-negative breast cancer (TNBC) is the leading cause of cancer-related death in women. Previous studies indicated that miR-361-5p was downregulated in breast cancer, however, the exact effect of miR-361-5p on TNBC requires further investigation. In the present study, we investigated whether miR-361-5p can act as a tumor suppressor by targeting required for cell differentiation 1 homolog (RQCD1) and inhibiting epidermal growth factor receptor (EGFR)/phosphoinositide 3-kinase (PI3K)/protein kinase B (Akt) pathway in TNBC. The expression of miR-361-5p and RQCD1 was determined by quantitative reverse transcription PCR (qRT-PCR) and/or western blot in TNBC and the adjacent tissues. miR-361-5p mimics were constructed and transfected to TNBC cell line MDA-MB-231. Cells were divided into three groups: blank control group, miRNA mimic negative control (NC) group, and miR-361-5p mimics group. Expression of miR-361-5p, mRNA and protein expression of PI3K, Akt, EGFR, phosphorylated (p)-EGFR/PI3K/Akt, and protein expression of RQCD1 and matrix metallopeptidase 9 (MMP-9) in MDA-MB-231 were measured by qRT-PCR/western blot after transfection. Cell viability was determined by CCK-8 assay. Cell migration and invasion ability were evaluated by scratch and transwell assay, respectively. miR-361-5p target gene was determined by bioinformatics analysis and luciferase reporter assay. RQCD1 was identified as a target of miR-361-5p by TargetScan and confirmed by luciferase reporter assay. Downregulated miR-361-5p and upregulated RQCD1 were observed in TNBC tissues. Expression of EGFR, PI3K, Akt and MMP-9 was inhibited in cells treated with miR-361-5p mimics. Transfection of miR-361-5p mimics also inhibited the phosphorylation of EGFR, PI3K, and Akt. Suppressed cell viability, migration, and invasion was found in miR-361-5p mimics groups. Our results indicated that overexpression of miR-361-5p might act as a suppressor in TNBC by targeting RQCD1 to inhibit the EGFR/PI3K/Akt signaling pathway.
INTRODUCTION
Breast cancer (BC) is one of the most common cancers in women worldwide. Many factors, including primary mutations, reproductive history, lifestyle and environmental factors, have been associated with an increased risk of BC [1, 2] . Familial BC accounts for a small percentage of all BC cases and occurs in patients whose family members were diagnosed with breast, ovarian, or related cancer [3] . Moreover, inherited mutations in high-risk genes, such as BRCA1, BRCA2 and TP53, are estimated to cause about 5% of all BCs [3, 4] . BC is classified into several (molecular) subtypes based on the expression of classical immunohistochemistry (IHC) markers [e.g., estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2/neu)], clinicopathological tumor characteristics, and/or microarray gene expression profiling. BCs lacking expression of all three receptors (ER, PR and HER2/neu) are called triple-negative breast cancers (TNBCs); these cancers are characterized by an aggressive clinical course/outcome and currently have limited treatment options due to the absence of validated molecular targets [5] .
MicroRNAs (miRNAs) are endogenous small non-coding RNAs, [22] [23] [24] preferentially binding to the 3'-untranslated region (UTR) of target gene [6] . Dysregulation/aberrant expression of miRNAs has been associated with cancer, where they can function as oncogenes or tumor suppressors [6] . In BC, miRNAs have been implicated in oncogenesis, metastasis and resistance to therapies [7] . For example, the members of miR-200 family regulate transcription factors zinc finger E-boxbinding homeobox (ZEB)1/2, which are important for cell differentiation and tissue-specific functions. Conversely, in cancer cells including BC, ZEB1 appears to be an essential epithelial-to-mesenchymal transition (EMT) activator through the suppression of epithelial genes and miR-200 family miRNAs [8] . Another example of miRNA involvement in BC is miR-342, whose expression was positively correlated with ERα expression in human BC samples and the introduction of miR-342 into estrogen-dependent MCF-7 BC cells enhanced their sensitivity to tamoxifen-induced apoptosis. Consistently, the downregulation of miR-342 was associated with tamoxifen resistance in MCF-7 BC cells [9, 10] . miR-361-5p is encoded by a gene located on chromosome X and has been implicated in several cancers, including colorectal and gastric cancer, where it was suggested to act as a tumor suppressor [11] . Ma et al. [12] investigated the role of miR-361-5p in BC, they showed a significantly decreased expression of miR-361-5p in BC compared to normal breast tissue and an association between miR-361-5p downregulation and poor prognosis of BC patients. Moreover, they confirmed both in vitro and in vivo a tumor-suppressor role of miR-361-5p in BC, by demonstrating that it could inhibit aerobic glycolysis and proliferation in BC cells through direct targeting of the promoter of glycolytic pathway, fibroblast growth factor receptor 1 (FGFR1), and suppress BC cell invasion and metastasis by targeting matrix metalloproteinase-1 (MMP-1) [12] .
The epidermal growth factor receptor (EGFR)/phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K)/protein kinase B (Akt) pathway has an important role in the regulation of angiogenesis, cell apoptosis and proliferation, and its dysregulation was associated with both benign proliferative diseases and malignant tumors, as demonstrated in cholesteatoma, lung, nasopharyngeal and breast cancer, among others [13] [14] [15] [16] . Ajiro et al. [17, 18] identified required for cell differentiation 1 homolog (RQCD1), known as CCR4-NOT transcription complex subunit 9 (CNOT9), as a key component in the downstream activation from EGFR to Act in BC cells, suggesting its potential as a therapeutic target. Namely, they showed that RQCD1 is frequently upregulated in clinical BC samples and in BC cell lines, compared to normal tissue (except the testis). In a series of experiments, they further demonstrated that RQCD1 is involved in the downstream activation of Act from EGFR, most probably through its interaction with Grb10 interacting GYF protein 1 and 2 (GIGYF1/2) and growth factor receptor binding protein 10 (Grb10) [17, 18] . Computational analyses identified RQCD1 as a target of miR-361-5p. In the present study, we investigated whether miR-361-5p can act as a tumor suppressor in TNBC by targeting RQCD1 and inhibiting EGFR/PI3K/Akt pathway.
MATERIALS AND METHODS

Patients
This study involved thirty patients diagnosed with TNBC by pathology. Paired breast tumor and adjacent normal tissues were obtained during surgery and stored in liquid nitrogen. All patients signed informed consent prior to study initiation. Clinicopathological data of TNBC patients are provided in Table 1 . We analyzed the expression of miR-361-5p and mRNA expression of RQCD1 by quantitative reverse transcription polymerase chain reaction (qRT-PCR), and protein expression of RQCD1 by western blot in TNBC/normal tissues, as described below. miRNA plasmids and cell transfection MDA-MB-231 cells were seeded into 24-well plates and incubated in RPMI-1640 at 37°C with 5% CO 2 for 24 hours, to reach 60-70% confluency. Cells were divided into three groups: blank control group, miRNA mimic negative control (NC) group, and miR-361-5p mimics group. miR-361-5p mimics and NC plasmids were constructed by Addgene (Watertown, USA) and transfected into cells with 1 μl Lipo6000 Transfection Reagent (Thermo Fisher Scientific, USA). The transfection was performed at 37° with 5% CO 2 for 6 hours. The transfected cells were then incubated for additional 48 hours for qRT-PCR and 72 hours for western blot. We evaluated the expression of miR-361-5p, mRNA expression of EGFR, PI3K, Akt by qRT-PCR, and protein level of EGFR, PI3K, Akt, phosphorylated (p)-EGFR/PI3K/Akt, RQCD1 and matrix metallopeptidase 9 (MMP-9) in transfected cells by western blot, as described below.
qRT-PCR
RNA was extracted from TNBC and control cells (60% confluency cultures) using total RNeasy Plant Mini Kit (Qiagen, Germany). The concentration of RNA was measured with a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, USA). Pyrobest DNA Polymerase and M-MLV Reverse Transcriptase (Thermo Fisher Scientific, USA) were used for complementary DNA (cDNA) synthesis and PCR reaction. PCR conditions for cDNA synthesis were set at 95°C for 15 minutes, and for PCR reaction at 96°C for 5 minutes (initiation), 94°C for 30 seconds (denaturation), 65°C for 30 seconds (annealing), and 75°C for 1 minute (extension) for 33 cycles. miR-361-5p expression was normalized to U6 small nuclear RNA and mRNA expression of selected proteins to the GAPDH gene. The relative quantification of RNA was performed using the 2 −ΔΔCt method [19] .
Western blot RIPA lysis buffer (Thermo Fisher Scientific) was used for protein isolation from TNBC and control cells and BCA Kit (Thermo Fisher Scientific) for determination of their concentration. The protein samples (2 μl/per lane) were separated by 15% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), transferred to polyvinylidene difluoride (PVDF) membrane (Membrane Solutions, USA), and blocked with 5% skimmed milk for 2 hours. After that, the samples were incubated with the primary antibodies anti-RQCD1, EGFR, PI3K, Akt, MMP-9, p-EGFR/PI3K/Akt, and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) for 1 hour at room temperature. In addition, the incubation with horseradish peroxidase (HRP)-conjugated secondary antibodies was performed for 45 minutes at room temperature. ECL kit (Thermo Fisher Scientific) was used for the visualization and the images were analyzed by ImageJ (National Institutes of Health). Western blot images were determined semiquantitatively with QuantityOne software (Bio-Rad Laboratories, USA).
Cell Counting Kit-8 (CCK-8) assay for cell viability
The viability of MDA-MB-231 cells was assessed by CCK-8 assay (Dojindo, Japan) after transfection. Cells were divided into three groups: blank control, miRNA mimic NC, and miR-361-5p mimics group. The cells were placed in 96-well plates, and after the addition of 10 µl CCK-8 reagent they were cultured for 24 hours in RPMI-1640 at 37°C with 5% CO 2 . The optical density (OD) was measured at 450 nm on a microplate reader. The CCK-8 assays were carried out at 12, 24, and 48 hours of incubation.
Scratch assay
Cells were grown in 6-well plates (1×10 6 cells/well). A sterile 10-µL pipette tip was utilized for shape scratch. After being washed with phosphate buffered saline (PBS), cells in blank control, miRNA mimic NC, and miR-361-5p mimics group were cultured in serum-free medium. The cell migration rate were determined using a fluorescence microscope (Olympus, Japan). Each independent experiment was performed in triplicate.
Transwell assay
The invasion ability of MDA-MB-231 cells was measured by transwell assay after 6 hours of transfection. Cells were divided into blank control, miRNA mimic NC, and miR-361-5p mimics group. Transwell cell culture inserts (8-mm pore size; Falcon; BD Biosciences, USA) were placed onto 96-well plates to create separated upper and lower chambers. The upper side of the membrane was precoated with Matrigel (BD Biosciences, USA) and incubated for 1 hour at 37°C for gel formation. The membranes were hydrated with FBS 2 hours before their use. RPMI-1640 (600 µl) containing 10% FBS and 1 × 10 5 cells/well were added to the lower and upper chamber, respectively. After 48 hours of incubation, the number of invading cells was counted in the chambers.
Bioinformatics analysis and luciferase reporter assay RQCD1 was predicted as a target of miR-361-5p using TargetScan (http://www.targetscan.org/vert_71/) and this was further validated by luciferase reporter assay. MDA-MB-231 cells were placed in 96-well plates and incubated in RPMI-1640 to reach 60% confluency. The co-transfection of miR-361-5p mimics (50 ng) and RQCD1-3'-untranslated region wild type [3'-UTR-WT] (50 ng), containing miR-361-5p binding site, or RQCD1-3'-UTR mutant [RQCD1-3'-UTR-MUT] (50 ng) plasmids was performed using Lipofectamine3000 Transfection Reagent (0.2 μl) [Thermo Fisher Scientific] for 48 hours. The luciferase activity was determined using a luciferase assay kit (Thermo Fisher Scientific, USA), according to the manufacturer' s protocol, and normalized to Renilla luciferase activity.
Statistical analysis
Each experiment was performed in triplicate and data are presented as mean ± standard deviation (x ± s). Student' s t-test was used for comparison between two groups and oneway analysis of variance (ANOVA) for comparison between multiple groups. All analyses were performed with SPSS for Windows, Version 14.0. (SPSS Inc., Chicago). A value of p < 0.05 was considered statistically significant.
RESULTS
Downregulated miR-361-5p and upregulated RQCD1 in TNBC tissues
miR-361-5p and RQCD1 mRNA expression was determined by qRT-PCR, and RQCD1 protein expression was assessed by western blot in TNBC vs. normal adjacent tissues from 30 patients. As shown in Figure 1A and B, the expression of miR-361-5p was significantly downregulated in tumor tissues (n = 27/30, p < 0.01) while RQCD1 mRNA expression was upregulated (n = 28/30, p < 0.01) compared with normal tissues. The protein levels of RQCD1 were also significantly increased in tumor compared to normal tissues, as shown in Figure 1C (representative sample, p < 0.01). Overall, we observed aberrant expressions of miR-361-5p and RQCD1 in TNBC tissues.
Inhibited EGFR/PI3K/Akt signaling pathway in MDA-MB-231 cells after transfection with miR-361-5p mimics MDA-MB-231 cells were transfected with miR-361-5p mimics/NC plasmids and after 6 hours of transfection and additional 48 and 72 hours of incubation for qRT-PCR and western blot, respectively, the mRNA and protein expression of EGFR, PI3K and Akt were assessed. As shown in Figure 2A -C, the mRNA expressions of EGFR, PI3K and Akt were significantly decreased in miR-361-5p mimics group compared to miRNA mimic NC group (p < 0.01), while there was no significant difference in the mRNA expression between NC and blank control group. Furthermore, protein expressions of RQCD1, PI3K, Akt, EGFR, p-EGFR/PI3K/Akt, and MMP-9 were markedly decreased in miR-361-5p mimics group compared to NC group, and there was no apparent difference between NC and blank control group ( Figure 2D and E, p < 0.01). These results indicate that the overexpression of miR-361-5p possibly affects the EGFR/PI3K/Akt signaling pathway in TNBC by downregulating the expression of related genes.
Inhibited cell viability in MDA-MB-231 cells after transfection with miR-361-5p mimics
Cell proliferation ability was evaluated following 12, 24, and 48 hours of MDA-MB-231 cell transfection with miR-361-5p mimics/NC plasmids. Inhibited cell viability was observed in miR-361-5p mimics group at 24 and 48 hour incubation compared to miRNA mimic NC group. On the other hand, there was no obvious difference in cell viability between NC and blank control group (Figure 3 , p < 0.01), suggesting that the overexpression of miR-361-5p had an inhibitory effect on TNBC cell proliferation.
Inhibited migration and invasion of MDA-MB-231 cells after transfection with miR-361-5p mimics
The migration and invasion ability of MDA-MB-231 cells was determined by scratch and transwell assay, respectively, following 48 hours of cell transfection with miR-361-5p mimics/NC plasmids. The cell migration and invasion ability was inhibited in miR-361-5p mimics group compared to miRNA mimic NC, while there was no significant difference between NC and blank control group (Figure 4 , p < 0.01). Thus, overexpression of miR-361-5p possibly inhibits migration and invasion ability of TNBC cells.
RQCD1 was the target of miR-361-5p by luciferase reporter assay
The luciferase reporter assay was performed to validate whether the RQCD1 is a target of miR-361-5p, as predicted by TargetScan ( Figure 5A ). MDA-MB-231 cells were co-transfected with miR-361-5p mimics and RQCD1-3'-UTR-WT or RQCD1-3'-UTR-MUT plasmids. The lower luciferase activity observed in cells co-transfected with RQCD1-3'-UTR-WT and miR-361 mimics suggested that RQCD1 was the target of miR-361-5p ( Figure 5B , p < 0.01).
DISCUSSION
RQCD1 was demonstrated to have a key role in the downstream activation from EGFR to Act in BC cells, suggesting that it could be used as a therapeutic target [17, 18] . miR-361-5p may target RQCD1 to regulate the EGFR/PI3K/ Akt signaling pathway in TNBC. In this study, we first analyzed the expression levels of miR-361-5p in TNBC tissues and then investigated the effects of miR-361-5p on RQCD1 and EGFR/PI3K/Akt signaling pathway in MDA-MB-231 TNBC cells. We observed downregulation of miR-361-5p in TNBC vs. normal adjacent tissues. Similar results were shown by Ma et al. [12] , who reported a significantly decreased expression of miR-361-5p in BC compared to normal breast tissue; moreover, reduced expression of miR-361-5p was associated with poor prognosis of their BC patients. However, few studies reported specific molecular targets in TNBC. Using TargetScan, we identified RQCD1 as a possible target of miR-361-5p and confirmed this result with luciferase reporter assay. Furthermore, in MDA-MB-231 cells transfected with miR-361-5p mimics we showed that mRNA expression of EGFR, PI3K and Akt and protein expression of RQCD1, PI3K, Akt, EGFR and MMP-9 were significantly decreased compared to control cells, suggesting that overexpression of miR-361-5p leads to inhibition of the EGFR/PI3K/Akt signaling pathway in TNBC cells. Finally, we observed decreased proliferation, migration, and invasion in MDA-MB-231 cells transfected with miR-361-5p mimics, which indicated a tumor suppressor role of miR-361-5p in BC. Ma et al. [12] also confirmed, in vitro and in vivo, a tumor-suppressor role of miR-361-5p in BC; i.e, miR-361-5p inhibited aerobic glycolysis and proliferation in BC cells by targeting FGFR1 and suppressed BC cell invasion and metastasis by downregulating MMP-1 [12] .
BC remains a significant public health problem, even though considerable efforts have been made over the past decade to improve prevention and treatment; the therapeutic strategies are especially limited in the case of aggressive BC types such as TNBC. This may be due to the lack of therapeutic targets, and genomic/proteomic heterogeneity between TNBC molecular subtypes [20] . In most countries the incidence of BC is increasing, probably due to an increase in the number of women with familial/lifestyle risk factors for BC such as lower age of menarche, late first pregnancy, shorter periods of breastfeeding or not breastfeeding, late-onset menopause, obesity, alcohol consumption, and physical inactivity among other factors [21] .
Aberrant expression of miRNAs is commonly observed in BC and other cancers, and they contribute to tumor development acting as either oncogenes or tumor suppressors [22] . For example in BC, miR-21, miR-10b, miR-125 and miR-155 were indicated to have an oncogenic role, while miR-206, miR-31, miR-146 and miR-91 were suggested to act as tumor suppressors [22] . Numerous studies demonstrated that miR-361-5p functions as a tumor-suppressor by targeting different genes in different cancer types, for example, in BC it inhibited cell proliferation and invasion by targeting FGFR1 and MMP-1 [12] , while in non-small-cell lung carcinoma (NSCLC) miR-361-5p suppressed cancer progression by inhibiting signal transducer and activator of transcription 6 (STAT6) [23] . Because an individual miRNA can target multiple genes and mRNA of a single gene can be targeted by different miRNAs [24] , it is necessary to consider the interaction between miRNA and multiple genes/molecular pathways when investigating a possible function of a single miRNA.
Our study has several limitations. Although we were able to show that the overexpression of miR-361-5p in TNBC cells inhibited the proliferation, migration and invasion ability, we did not investigate changes in molecular factors involved in these processes, such as alterations in the levels of proliferation-related factors. Moreover, the inhibition of EGFR/PI3K/Akt signaling pathway is associated with cell apoptosis [25, 26] ; thus, the assessment of miR-361-5p effect on cell apoptosis in TNBC using apoptosis assays could provide additional insights into the underlying mechanisms of tumor-suppressive role of miR-361-5p. 
